FY03 INSTRUCTOR'S LESSON PLAN

COURSE: National Electrical Code COURSE CONTROL NO: 078
SUBJECT: Motors Lighting & Equipment INSTRUCTOR: Mark McNamara
SECTION: 4 (part I)
TIME PERIOD (TOTAL): 4 hrs DEVELOPER: Mark McNamara
TYPE of LESSON: Lecture
TRAINING AIDS: Powerpoint presentation File # Section 4 Part1 workbook Aug03.ppt,
Proxima, laptop computer with remote mouse, screen; pointer. Note instructor uses
Section 4 Part 1 show Aug03.ppt file for the presentation, since it has the fly-ins.
OBJECTIVES:

At the conclusion of this session, with the use of course materials, students will be able
to accurately:

1. Identify the various types of equipment or installations that allows flexible cords
and cables to be used.

2. Determine if a panel board is a lighting and appliance panel board or a power
panel board.

3. Determine when end-to-end fluorescent lighting fixtures can be used as a
raceway for circuit conductors.

4. |dentify an appliance.

5. Identify the markings on motor nameplates.

6. Identify the various tables used for sizing motor protection.

This part covers Chapter 4 in the National Electric Code (NEC) with emphasis on the
following Articles:

Article 400 Flexible Cords and Cables

Article 404 Switches

Article 406 Receptacles, Cord Connectors, and Attachment Plugs

Article 408 Switchboards and Panelboards

Article 410 Luminaires (Lighting Fixtures), Lampholders, Lamps,

Article 422 Appliances

Article 424 Fixed Electric Space-Heating Equipment

Article 430 Motors, Motor Circuits, and Controllers



Only part of Article 430 is covered in Part 1 due to the size of the Article and the
importance of the Article.

These are not covered formally during the class, but if someone has a question it is
discussed.

Article 402 Fixture Wires.

Article 411 Lighting Systems Operating at 30 Volts or Less

Article 426 Fixed Outdoor Electric Deicing and Snow-Melting Equipment.

Article 427 Fixed Electric Heating Equipment for Pipeline and Vessels.

Test Questions: Test questions are in file: posttestnec04 Aug03.doc.
The following test questions pertain to Articles covered in Part 2:

- Question 6 pertains to Articles 424.

- Question 7 pertains to Article 430.

- Question 8 pertains to Articles 445 and 450.

- Question 9 pertains to Article 450.

- Question 10 pertains to Article 430.
Note that the test questions put an emphasis on material covered in Part 2 of the
lecture. That is where considerable importance is placed. The homework questions
compliment this by placing emphasis on material covered in Part 1.

6. A disconnect for a fixed electric space heater (without supplementary overcurrent
protection devices) must be:

a. Within sight

b. Lockable in the closed position

c. Lockable in the open position

d. Within sight or lockable in the open position
Answer: d — 424.19(B)(2)(2)

7. A motor disconnect switch does not have to be within sight of its motor where such a
location introduces additional or increased hazards to persons or property. This
condition requires the disconnecting means to be:

Explosionproof.

Lockable in the open position.
A fused switch

. A circuit breaker

Answer: b — 430.102(B)Exception(a)

*%*

o0 oo

8. A separately derived system is a system where:

a. There is a direct electrical connection between the different sources of power.
b. There is not a direct electrical connection between two different sources of



*%

power.
c. The phase conductors are connected together under all conditions.
d. The system must be mathematically derived.
Answer: b — definition 100

9. Where the overcurrent protective device is provided on the primary only for a
transformer rated 600 volts or less, the protective device shall be set to open at
125% of rated primary current if:

The transformer primary is less than 2 amperes.
The transformer primary is less than 9 amperes.
The transformer primary is greater than 9 amperes.
. The transformer secondary is greater than 9 amperes.
Answer: ¢ — Table 450.3(B)

*%

o0 oo

10. Motor controllers with a straight voltage rating of 480 volts can be used on voltage
systems rated:

208 volts only.

480 volts only.

480 volts and 480/277 volts. **
d. 600 volts.

Answer: ¢ — 430.83(E)

o T o

Homework Questions: Homework questions are in file: section4 homework 02.doc

The following homework questions pertain to Articles covered in Part 1:
- Question 1 pertains to Article 400
- Question 2 pertains to Article 406
- Question 3 pertains to Article 408
- Question 5 pertains to Article 422
- Question 6 pertains to Articles 422, 424, 430 and 440 (Part 2).

1. Flexible cords and cables shall be used for:
a. wiring of luminaires
b. connection of portable lamps and appliances
c. elevator cables
d. All of the above.
Answer: d — 400.7

2. A snap switch shall be considered effectively grounded if the following is met:
a. An equipment grounding conductor is connected to an equipment grounding
termination of the snap switch.
b. The switch is mounted with metal screws to a metal box



c. The snap switch is installed per a or b above
d. None of the above.
Answer: ¢ — a meets 404.9(B)(1) and b meets 404.9(B)(2)

3. 15 or 20 amp, 125V or 250V Receptacles installed in a wet location:
a. If attended, the receptacle needs to have the enclosure, which is
weatherproof, only when plug is removed.
b. Shall be a normal receptacle used indoors.
c. Shall be black.
d. Shall have an enclosure, which is weatherproof, whether or not the plug is
inserted or not.
Answer: d — 406.8(B)(1)

5. Luminaires shall not be used as a raceway for circuit conductors unless they meet
the following condition(s):

a. The luminaire is listed and marked for use as a raceway.

b. The luminaires are designed for end-to-end assembly to form a continuous

assembly.

c. The luminaires are connected together by recognized wiring methods.

d. All of the above.
Answer: d — a meets 410.31; b meets 410.32; ¢ meets 410.32

6. Permanently connected appliances over 300 VA or 1/8 hp shall allow branch-circuit
circuit breakers to serve as the disconnect when:

a. The breaker is within sight of the appliance

b. The breaker is capable of being locked in the open position

c. The breaker is installed per a or b above

d. None of the above
Answer: c — 422.31(B)

INSTRUCTOR REFERENCES: NFPA 70 (National Electric Code), Soares Grounding
by IAEI.
STUDENT REFERENCES AND HOMEWORK: Student workbooks

PROPONENT APPROVAL.: DATE:

CEHR-P APPROVAL.: DATE:




10 min

AID CUES

Introduction
Powerpoint
presentation

Lecture
Powerpoint
Presentation

Summary

LESSON OUTLINE

Introduction and tie in. Introduce subject: provide its
importance and how it ties in to other topics, introduce
objectives, and provide brief overview of what will be
covered on this topic.

Discuss material using Powerpoint presentation.

Summarize important points and relationships. Answer
questions. Review objectives.



CHAPTER 4: Motors, Lighting and Equipment (Part I)
4-hours. (Typically Monday & Wednesday morning). Breaks are typically 10 minutes
long and done every hour. Total 30-40 minutes minimum break time. Avg is 2.5

minutes a slide.

CHAPTER 4: Equipment for General Use (Part )

= Article 400 Flexible Cords and Cables
Article 402 Fixture Wires
Article 404 Switches

Article 406 Receptacles, Cord Connectors, and
Attachment Plugs

Article 408 Switchboards and Panelboards

+ Article 410 Luminaires (Lighting Fixtures),
Lampholders, Lamps,

Article 411 Lighting Systems Operating at 30 Volts or
Less

* Article 422 Appliances
Article 424 Fixed Electric Space-Heating Equipment

.

.

CHAPTER 4 : Equipment for General Use (Part |)

+ Article 426 Fixed Outdoor Electric Deicing and Snow-
Melting Equipment

= Article 427 Fixed Electric Heating Equipment for
Pipeline and Vessels

+ Article 430 Motors, Motor Circuits, and Controllers

CHAPTER 4: Equipment for General Use (Part )

New Articles for 2002 NEC®

Article 404 Switches (Relocated Article 380)
Article 406 Receptacles, Cord Connectors, and
Attachment Plugs (Caps) (Relocated Part L of
Article 410)
Article 408 Switct ds and P, Ib ds
(Relocated Article 384)

The above articles include equipment and
more appropriately belong in Chapter 4 under
Equipment for General Use.

Slide 078-04-1:
Partial List of Articles in Chapter 4 of the NEC.
These items will be covered in Part 1.

Slide 078-04-2:

Partial List of the Chapter 4 Articles. These
items will be covered in Part 1. Article 430 will
be completed in Part II.

Slide 078-04-3:
Discussion on the new and relocated code
articles.



CHAPTER 4 : Equipment for General Use (Part I}

Article 400

Description of flexible cords and cables is found
in Table 400.4

+ Trade Name » Conductor Number

+ Type + Construction
- Voltage - Use
+ AWG

SJ Cord is used on 277/480/V, 4-wire, 3-phase
circuit.

Is this acceptable?

oK

Violation, X NEC TABLE 400.4

Slide 078-04-4:

Flexible Cords and Cables are described in Table
440.4. Read section 400.4. Table covers several
parameters regarding the cord or cable. Example
of improper use. New in 2002 was the addition of
voltage. Voltage markings on flexible cords and
cables are optional. The addition of voltage to the
table allows the user to find the voltage rating when
not marked on the cable. The example shows that
voltage needs to be taken into account when using

cord and cables. SJ cord is rated 300 Volts.

CHAPTER 4 : Equipment for General Use (Part I}

Article 400

Flexible Cords and Cables-Ampacities

« Table 400.5
+ Table 400.5 (A)
« Table 400.5 (B)

SO Cord - 120/240 V, 3-Wire (2-phase & 1-Neutral)
12 AWG.

Is this cable good for 20 amps?
ok X

Violation NEC TABLE 400.5(A)

CHAPTER 4 : Equipment for General Use (Part I}

Can Flexible Cords and Cables Be
Used for Installation Shown Below?

_ Article 400

400.7

Slide 078-04-5:

Article 400 — Cords and Cables ampacity. Table
400.5(A). Read Section 400.5. The article
discusses the current carrying capacity
requirements for cables and cords. Depends on
number of current carrying conductors and the
cable construction type in order to determine. Note
4-wire is 3 phase, neutral.

Slide 078-04-6:
Article 400 — 400.7 Uses Permitted.
Item 2 note luminaire instead of fixture was a 2002
change.
Item 6 in 2002 the word stationary was replaced
with utilization. This was to make it understood
that the item didn’t have to be permanently fixed.
Other items not covered shown on the slide, but are
permitted:

Data processing cables as permitted by

645.5, Connection of moving parts (good example is a hangar door) and Temporary
wiring as permitted in Section s 5.27.4(B) and 527.4(C). Temporary construction is
limited to what is given in 527.3.



CHAPTER 4 : Equipment for General Use (Part )
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OK v X NEC 400.8

CHAPTER 4 : Equipment for General Use (Part 1)

Article 404 Switches

e

=1

Snap switches

Fused knife switches

Non-fused knife switches.

Circuit Breakers used as switches

CHAPTER 4 : Equipment for General Use (Part 1)

404.8(A) Location (Height of Switches)

u|
| |
2.0 m (6 7) maximum to center grip of
handie in the highest position
+ Fhaor or Warking Platform
o oK, X

CHAPTER 4 : Equipment for General Use (Part 1)

404.8 Exception 2

»if \\/( \K/J d‘{’s/‘# o
+ W
/B8

Switches installed adjacent to motors, appliances or equipment they supply
are permitted to be mounted heights greater than 2.0 m (677) and are permitted
to be accessible by portsble means

L]

wET

Slide 078-04-7:

Article 400 — Installations are not permitted -
400.8

Item 5 — 2002 added above suspended ceilings.
Item 6 not shown. Installations are not permitted in
raceways except as otherwise permitted by the
Code.

Mention Article 402 before next slide.

Slide 078-04-8:

Article 404 covers all switches, switching devices
and circuit breakers where used as switches.
Circuit breakers used as switches are to be marked
for that use. See Section 240.83D.

Slide 078-04-9:
Accessibility and Grouping.

Slide 078-04-10:

**%**Note that there has been a change to add
the wording circuit breakers in the exception.
This slide is not correct. Wording shown is
wording from 1999 Code.



CHAPTER 4 : Equipment for General Use (Part I}

404.8 Exception 3
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CHAPTER 4 : Equipment for General Use (Part I}

Article 404

SWITCH i SWITCH

v anv
PHASE A PHASE B
OK Violati X NEC___ 404.8(B)

CHAPTER 4 : Equipment for General Use (Part I}

Article 404

DIMMER
RECEPTACLE  SWATCH

METAL SCREWS
USED TO
ATTACH TO
METAL BOX

NEC__404.9(B)

0K X

Slide 078-04-11:

Slide 078-04-12:

Article 404 — Switches. 404.8(B) Voltage
Between Adjacent Devices.

New Article in 2002.

The example shows two switches which have 277V
on different phases. The box has no divider,
therefore, there is 480V between the phases. This
is in violation of the code that limits it to max of
300V. *****peed to correct slide with missing gnd

Slide 078-04-13:
Article 404 — 404.9(B) Grounding of Snap-
Switches.
This slides talks about the proper grounding of
switches and receptacles.
(1) switch is mounted with metal screws to
a metal box.
(2) An equipment grounding conductor or
equipment bonding jumper is connected
to an equipment grounding termination

on the snap switch. The wording “and similar control switches” was added in
2002 to make it clear that timers and fan control switches must be effectively
grounded. *****need to correct slide with missing gnd

250.126 talks about identification of wiring device terminals.



CHAPTER 4 : Equipment for General Use (Part ) Slide 078_04_14:

Article 404 - 404.14(E) Dimmer Switches
[llustration is new for the 2002 NEC. This
requirement is contained in the listing and

e oot Bacepecte installation instructions for dimmers. This makes it

clear by inserting in the Code. Dimmer switches
cannot be used to control receptacles.

Violation X MNEC 404.14 (E)

oK

OFF

Slide 078-04-15:

Article 404 — 404.15(B) Off Indication

New in 2002 NEC. This was to make it clear that devices such as
electronic occupancy sensors that do not disconnect the conductor are not
to be marked OFF. These sensors can have a small current flow of 0.5 mA
even when in the expected OFF position. This is enough to surprise an
individual

CHAPTER 4 : Equipment for General Use (Part 1) Slide 078_04_16:

Article 406 (NEW)

Cord € and Plugs (caps)

This proposal was accepted o form a new article covering the requiements
for receptacles, cord eonnectors, and attachment plugs thal was previcusly
located in Part L Articke 410,
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CHAPTER 4 : Equipment for General Use (Part 1)

Article 406

15 or 20 amp, 125 V or 250 V Receptacles.

S

Are Both Types Acceptable for Use in an Wet
Location?

Housing, Clover
With Plug in Place
Can be Closed

Flap Must Be
UP, to Plug In

406.8 (B)(1)

OK X NEC,

Slide 078-04-17:

Article 406 — Receptacles, cord connectors, and
attachment plugs (caps)

—406.8(B)(1)

New in 2002 NEC. Most of the information used to
be found in Article 410 until it was moved into this
Article.

The intent of this is to ensure that in wet locations,
the receptacle is in an enclosure which is rated for a
wet location even if there is a receptacle in use.

Take opportunity to discuss difference between damp and wet locations per Article

100.

CHAPTER 4 : Equipment for General Use (Part 1)

CHAPTER 4 : Equipment for General Use (Part 1)

406.8(B) Other Receptacles in Wet Locations

* Receptacie enclosure requined to be weatherproof
Suitable with or without attachment plug inserted

&= [ [@)

Wash down
area (Typical)

CHAPTER 4 : Equipment for General Use (Part 1)

Article 408 Switchboards and Panelboards

Iif=

i
(] Articke 384 has been renumbened and relocated (o Article 408 for 2002 NEC

Slide 078-04-18:
Picture of a suitable type of cover.

Slide 078-04-19:

This slide is on other receptacles besides 120V.
Slide doesn’t show the receptacles correctly for
“Other Receptacles” since the type is clearly 120V

Slide 078-04-20:



CHAPTER 4 : Equipment for General Use (Part 1)

408.3(C) Service Equipment
Panelboards and switchboards used as service equipment shall
be provided with a main bonding jumper in accordance with
250.28(D).

Must be suitable for use as service eguipment or suitable for
use only as service equipment.

Neutral
disconnect
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Panelboards Switchboards

CHAPTER 4 : Equipment for General Use (Part 1)

Article 408

O

O |:|&| o] mi
Oh |:|§| | o
LRRRRERR

Cirouit Directory
On the Door

All Circuits Have Labels
On Switchboard

oK X Violati NEC 408.4

CHAPTER 4 : Equipment for General Use (Part 1)

SWITCHBEOARD AND PANEL BOARDS
ARTICLE 408

SWITCHGEAR OR;
MCC OR ETC,

CONDUIT ENTREES

CHAPTER 4 : Equipment for General Use (Part 1)

OK Violati X NEC___ 40810

Article 408

Lighting and appliance branch-circuit panel
board - more than 10 percent of its overcurrent
devices protect lighting and appliance branch
circuits. Where a lighting and appliance branch
circuit has a connection to the neutral of the
panel board and has overcurrent protection of
30 amperes or less.

A lighting and appliance branch-circuit panel
board is found to have 50 overcurrent devices.

oK Violati X NEC 408.15

Slide 078-04-21:
Discuss 408.3(C). Also use this slide to discuss
408.3(E) on phase arrangement in equipment.

Slide 078-04-22:

Article 408 — Switchboards and Panelboards
—408.4 Circuit Directory

New in 2002 NEC. Slide covers the code
requirement that panelboards and switchboards are
to have labels identifying the purpose of the circuit.
The addition of switchboards is new in 2002.

Slide 078-04-23:

Article 408 — 408.10 Clearance for conductors
entering bus enclosures.

The conduit entries can only be a maximum of 3
inches.

Slide 078-04-24:

Article 408 — 408.14(A) Classification & 408.15
Number of Overcurrent devices in one
panelboard. Start by covering 408.14.

Slide covers what a lighting and appliance branch-
circuit panelboard is and the number of poles
allowed in the panelboard. Not more than 42
overcurrent devices.



CHAPTER 4 : Equipment for General Use (Part I}
Article 408

Power Panel Board - 10 percent or fewer of its overcurrent
devices protect lighting and appliance branch circuits.

A Power Panel Board is found with 50 overcurrent
devices.

Is this ok or a violation?

408.15

oK___* NEC,

CHAPTER 4 : Equipment for General Use (Part I}

Article 408

L L]

PRI.CRK.BRK. 12 CRE.BRE.PANEL

TRANS. 480.208/1 20V WITHOUT A MAIN BREAKER

oK Violati X NECc 408.18(D)

Slide 078-04-25:

Article 408 — 408.14(B) & 408.15 Number of
Overcurrent devices in one panelboard.

Slide covers what a power panelboard is and the
number of poles allowed in the panelboard.

Some manufactures do have panelboards with more
than 42 poles.

Slide 078-04-26:

Article 408 — 408.16(D) Overcurrent protection
for panelboard when supplied through a
transformer.

Example is a violation. All panelboards supplied
by a three-phase, four-wire transformers must have
overcurrent protection on the secondary side of the
transformer. The exception in 240.21(C)(1) is for
single phase transformers and delta/delta
transformers. (A) Each L&A needs a main breaker;

(B) Power — within or at any point on the supply side of the panelboard; (C) Snap switch

use.

CHAPTER 4 : Equipment for General Use (Part I}

SWITCHBOARD AND PANELBOARDS
ARTICLE 408

Distribution
Planelboard

O 0o

1-Hole Lug— M\/EEJHH H |

Grounding Conductars

OK Violati X NEC 408.20

Slide 078-04-27:

Article 408 — 408.20 Grounding of Panelboards
Slide shows that the grounding conductor lug is not
to be connected to the neutral bar, except under
special conditions and that the conductor lug needs
to be a bar. “a terminal bar for the grounidng
conductors shall be secured inside the cabinet.



CHAPTER 4 : Equipment for General Use (Part 1) Slide 078_04_28:

Articie 110 Article 410 — Luminaires (Lighting Fixtures),
& ‘% Lampholders, and Lamps
—410.16(C) Support in Suspended Ceilings.
\_\‘:}&' Slide is a discussion on the support requirements

for a recessed light fixture. The fixture must be
securely fastened to ceiling framing members.

Euvponded Cating Use of term luminaires is new for 2002.
NEC Section 410.16(C)

CHAPTER 4 : Equipment for General Use (Part 1) Slide 078_04_29:
FixHrEs With SiPRFoVEd Fnceways Article 410 - 410.31 Luminaires has raceways

Article 410 . .
(and 410.32 for those connected together which is
Some fluorescent fixtures have an approved :
raceway incorporated into the fixture or have the on the next Shde‘)
approved raceway as the fixture itself. Such Read slide and discuss.

fixtures carry an Underwriter's Laboratories label
reading “Fixtures suitable for use as raceways."

CHAPTER 4 : Equipment for General Use (Part ) Slide 078_04_30:
Article 410 Article 410 - 410.32 Wiring supplying luminaires

Fixtures designed for end-to-end assembly to connected together‘

form a continuous raceway or fixtures connected Need to read and also go to the definitions on
together by recognized wiring methods shall be

permitted to carry through conductors of a two- branch-circuit, multiwire, which is found in the

wire or multiwire branch circuit supplying the eyt
fixtures, front end definitions.

r ~ ~ 1 1 1 -04- .
: ~ 240V ’; 208V, 208V} Sllqe 078-04-31: .
—— # T c— 2w TT—  Article 410, 210.4 and definitions.
120v | . . . « .
Multiwire 120V
B N " i Jl'lS’[ a quick 'Vl'SLlal on multiwire
Circuits 2401120V 2081120V circuits. This is covered by Johnny
SINGLE-PHASE OR 480/277V
L 3-WIRE 3-PHASE 4W also.
5 __— One-Pole Devices In B h Circuit Pr ti
¥ i, il
This g =
The < c—I * "
Basic % ®
Rule N




CHAPTER 4 : Equipment for General Use (Part I}

Branch Circuit Conductors
Within 3 Inches of Ballast

Canductor Types Are THHN or XHHW.
~ See Table 310.16

DOES THE ABOVE TEMPERATURE FOR CONDUCTORS AND
CONDUCTOR INSULATION TYPES SATISFY CONDITIONS FOR
CONDUCTORS WITHIN 3 INCHES OF BALLAST?
oK X Violati NEC 41033

CHAPTER 4 : Equipment for General Use (Part I}

Special Provisions
for Recessed Light Fixtures

Article 410

Fire Rated
Thermal Insulation

Fire Rated
Suspended Ceiling

Recessed Fixture

NEC_410.66(B)

CHAPTER 4 : Equipment for General Use (Part I}
Article 410

USED IN LENGTHS NOT IN EXCESS OF 72 INCHES AS PART
OF A LISTED ASSEMBLY, OR FOR TAP CONNECTIONS TO LIGHTING
FIXTURES AS PERMITTED IN SECTION 410.67(C) OR FOR UTILIZATION
EQUIPEMENT.

CHAPTER 4 : Equipment for General Use (Part I}
Article 422

Appliance. Utilization equipment, generally other than
industrial, that is normally built in standardized sizes or types
and is installed or connected as a unit to perform one or more
functi such as clott hing, air conditioning, food
mixing, deep frying, and so forth.

= Includes dwelling units, commercial and industrial
locations.

_E 4

i in place or plug

Are dish hers, garbage disp

5 Is, water heat and
heating lamps appliances?

YES, X NO

Slide 078-04-32:

Article 410 — 410.33 Branch circuit conductors
and ballasts.

Discussion on wire type used in the luminaire.
Must have a certain temperature rating. If within 3
inches of a ballast, need 90 degree C wire unless
specifically listed. Table 310.16 indicates THHN
can as 90 and XHHW is 90.

Slide 078-04-33:

Article 410 — 410.66(B) Clearance and
installation.

Discussion on recessed fixture in a fire rated
ceiling. Note the ceiling is fire rated then 300.21
spread of fire or products of combustion —requires
the fire rated box when in a fire rated ceiling and
fire stopping.

Slide 078-04-34:

Article 410 — 410.67(C) Wiring Tap Conductors.
Discussion on use of flex and the length. May have
to see 348.10 uses of flexible metal conduit (FMC)
in order to complete the slide. Also, 250.118(6)
discusses use of this type of conduit and proper
grounding — terminated in fittings listed for
grounding, overcurrent device is a maximum of 20
amperes, length is max of 72 inches, and the
conduit is not installed for flexibility.

Slide 078-04-35:

Article 422 Appliances.

Cover the meaning of an appliance. Definition is
found in Article 100.

10



CHAPTER 4 : Equipment for General Use (Part I}
Article 422

422.10(A)

Branch Circuit Requirement
Individual Circuit.

Assume:
Non motor appliance on a dedicated circuit

Operates Continuously:
What factor is used times the marked rating? 1.25

What factor is used if the unit is not
operated continuously? 1.00

CHAPTER 4 : Equipment for General Use (Part I}
Article 422

METAL BAR

[F]
T —

FORTY POUND FAN SUFPORTED BY BAR, NOT THE OUTLET BOX

OK X NEC_422.18(B)

CHAPTER 4 : Equipment for General Use (Part I}

Article 422
{— wall

Nen Metar - Breaker

Appllance - Can
BOOVA M - Be Locked

Lt -

111 - Floor

0K X NEC__422.31(B)

CHAPTER 4 : Equipment for General Use (Part I}
Article 430

Definition of “In Sight From”
+ Article 100 Definitions:

+ Where the Code specifies that one equipment shall be “in
sight from", “within sight from", or “within sight”, etc., of
quip the specified equip is to be visible
and not more than 15 m (50 ft) distant from the other.

Slide 078-04-36:

Article 422 — 422.10(A) Installation Branch
Circuit Rating - Individual Circuits

Sizing of an individual branch circuit for a
nonmotor appliance under two conditions.
Definition of continuous is found in Article 100 and
is defined as where the item is expected to operate
at for 3 hours or more.

Slide 078-04-37:
Article 422 — 422.18(B) Support of Ceiling Fans
Ceiling fan support. 314.23 Supports of boxes.

Slide 078-04-38:

Article 422 — 422.31(B) Disconnection of
permanently connected appliances over 300 VA.
Location of disconnecting means for a non-motor
appliance. Must be within sight or lockable in the
open position.

Slide 078-04-39:
Definition is taken from Article 100 in definitions.

11



CHAPTER 4 : Equipment for General Use (Part 1)

Article 424

Branch Circuit Sizing to Include C
Protective Devices.

s and O rent

Total FLA of Motors and Resistance Elements

Multiplied By _1.25

This is the Minimum Size.

If the electric space-heating equif tis by the
NEC, does the FLA X 1.25 have to be multiplied by another
1.262

YES, NO X NEC_424.3 (B}

Loz

CHAPTER 4 : Equipment for General Use (Part 1)

Article 424

Unit Heater
+ No Bullt in E
Overcurrent

= Matar 1/8HP

Breaker Lockable

T TITTTIIadTqd

Panel Board

OK__ X NEC_424.19(B)(1)
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Motos feeder 1 430.25, 430.26
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and

ground-taull protection Part IV

Moior Cirtcut conductor Part il

Mator controfior "R Part Vil

Mator control circuits = Part VI

Malor overioad profecton (] Part

Molor Part |

Thermal protection "||" Part Il

Secordary controller Pan Il

Socondary conducions. 43023

‘Sacordary resisior é Part i
430,23 and Article 470

. Slide 078-04-40:

Article 422 — 422.60 Nameplate Marking.
Discussion on nameplate requirements for
appliances.

Need identifying name; rating in volts & amps or
rating in volts & watts. Sometimes frequency is
required is a special frequency is used.

Slide 078-04-41:

Article 424 Fixed Electric Space-Heating
Equipment

- 424.3(B) Branch Circuit Sizing

Discussion on sizing conductors and breaker for
fixed electric space-heating equipment.

Slide 078-04-42:

Article 424 — 424.19(B)(1) Disconnecting means
Example of disconnecting means for this type of
equipment

@ Slide 078-04-43:

Article 430 Motors, Motor Circuits, and Controllers
== - Figure 430.1 Article 430 Contents

Slide shows the basic layout of this section.
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CHAPTER 4 : Equipment for General Use (Part 1)
Article 430

+ General Arrangement

= General 430.6, Part |

= Conductor Sizing 430.22, Part Il

+ Overload Protection 430.32, Part Ill

= Short Circuit Protection 430.52, Part IV

+ Disconnects 430.102, 109, and 110, Part IX
+ Tables 430.147 through 430.152, Part Xl

CHAPTER 4 : Equipment for General Use (Part I}

Every Motor Branch Circuit Must Account
for Each of These Elements

Article 430
M
o)
Er e T e EI -
4 3 2 -
Partll 1. BRANCH CIR. CONDUCTORS, CAPACITY= 7 125% OF
N.E.C. SEC, 430.22(A) Mator FLA
PartlV. 2, BRANCH CIR. PROTECTIVE DEVICE, SIZE= ? Table 430.52
N.E.C. SEC, 430.52(C)
Partvil 3. CONTROLLER, Rating=? il sm!.ﬂ:—cuu ‘eaker, Molded
M.EC. SEC, 4 A
Partlll 4. RUNNING OVERLOAD PROTECTION=? Eithar 125% or
MEC. SEC.430 32(a)1 115% of Motor FLA.

CHAPTER 4 : Equipment for General Use (Part 1)

Every Motor Branch Circuit Must Account
for Each of These Elements

Article 430
&

tomomd { I R | 5 1 [ .
7 4 2

Part1X 5. DISCONNECT MEANS, SIZE=? 115% of Mator FLA
M.E.C. SEC430.110{A) _or HP Rated.

PartVl 6. REMOTE CONTROL CIR., OVERCURRENT

PROT=? Yes, Under Cartain Conditions

MN.E.C. SEC,_430.72(8

Partil 7. gigo!D&RY CONTROLLER, CONDUCTOR

=

(IF WOUND-ROTOR MOTORY) 125% of Mater FLA
M.E.C. SEC, 430.23(A)

CHAPTER 4 : Equipment for General Use (Part 1)
Article 430

Most applications require the use of tables
(Tables 430.147, 430.148. 430.149, & 430.150)
instead of nameplate data for determining the
ampacity of conductors or ampere rating of
switches, branch-circuit, short-circuit and
ground-fault protection.

oK__ % Violation NEC_430.6(A)(1)

Slide 078-04-44:

Slide 078-04-45

Article 430

Slide shows the basic structure of an individual
motor circuit and the various locations to find how
to size and/or calculate various elements. Ties in
with the previous slide. Just provide the
information. This is more to see where to start
looking. Ididn’t give them 3. in previous slide.
Part I1 — 290; Part IV — 295; VII - 301; 111 — 292.

Slide 078-04-46
Part IX — 304; Part VI — 299; Part II — 290

Slide 078-04-47:

Article 430 — Part I - 430.6(A)(1) Ampacity
requirements for general motor applications
Makes it clear that despite nameplate
information, most motor calculations will

13



require the use of Tables in the code to determine the branch-circuit short-circuit
protection, conductor and switches.

CHAPTER 4 : Equipment for General Use (Part 1)

Article 430

Nameplate current rating is used for separate
motor overload sizing.

OK. X v NEC_430.6(A)(2)
Motors General 430.6(A)
Branch Circuit Conductors Tables
Ratings of Switches Tables

Branch-Circuit Short- Circuit
Ground-Fault Protection Taples

Overload Protection Motor Nameplate

@ Torque Motors
430.6(B) Rated current is locked rotor current and the
nameplate current must be used for sizing the above
elements of the motor circuit

@ AIC Adjustable voltage motors
430.6(C) Size the above elements in the motor circuit
based on the i q rked on
the motor controller nameplate

USABLE ON 20 z AMPS 1.0 SF

SELF-LUBRICATED FOR NORMAL BEARING LIFE

U.5. ELECTRICAL MOTORS
b i
M MERCD P

CHAPTER 4 : Equipment for General Use (Part 1)

Article 430

Mameplate Data 430.7
(1) Manufacturer's Name
(2) Rated Volts, Full-Load amps (FLA)
{3) Rated Frequency and Number of Phases
(4] Full Load Speed
(5) Rated Temperature Rise or the Insulation Class and Rated Amblent
Temperature
(8) Time Rating (515,30 or 0 minutes) or Continuous
(7) Rated HP
(8] Code Letter or Locked-Rotor amperes, (Table 430.7(8))
(8) NEMA Design Letter (B, C, D or E)
(10) Secondary Volts and FLA If Wound-Rotor Motor
(11) Information for DC Motors
(12) Information for DC Motors
(13) Thermal
(14)

Slide 078-04-48:

Article 430 — Part I - 430.6(A)(2) Ampacity
requirements for overload sizing

Makes it clear the nameplate data is to be used
for the overload sizing.

Slide 078-04-49:

Just another slide stating it again.
*#*%*¥Not sure this one is needed

Slide 078-04-50:

Article 430 — 430.7 Markings on motors.
Picture of a motor nameplate. Paragraph 430.7
indicates the type of information required to be
on a nameplate.

Slide 078-04-51:
Article 430 — 430.7 Markings on motors.
Discussion on the meaning of the nameplate items.

Nameplate Data

The National Electrical Manufacturer's
Association (NEMA) specifies that every motor
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nameplate must show these specific items: Manufacturer's Name; Rated volts and full

load amps; Rated frequency & number of phases; Rated full load speed; Rated

temperature rise or the insulation system class; Time rating; Rated horsepower; Locked

rotor indicating code letter; Service Factor; Efficiency; Frame Size; and Design Code.

(This is items 1, 2, 3, 4, 5, 6, 7, 8, 9 with service factor, efficiency, and frame size.)
Additional information will normally appear on most nameplates.

(1) Manufactures Name is self explanatory.

(2) Rated Volts And Full Load Amps. Motors will operate at a variety of line voltages,
the most common being 230 and 460. These motors will operate according to NEMA
limits at rated voltage.

Line voltage will fluctuate due to a variety of factors. Therefore, every motor must be
designed to handle these voltage variations. Motors typically can withstand voltage
variation of plus or minus 10%, so a 230 Volt motor could operate between
approximately 207 to 253 volts. At these extremes, no motor will run at its peak
performance, however it will withstand these conditions.

Full load amps is the amperage the motor requires to run at rated load and voltage.

(3) Rated Frequency is the frequency the motor is designed for represented by Hertz
(cycles per second). 60 Hertz power is used throughout the United States, Canada, and
other parts of the world while 50 Hertz is the standard in the rest of the world. Motors
can tolerate a frequency deviation of plus or minus 5%.

(4) RPM (Revolutions Per Minute) of a motor is the speed at which the motor will rotate
at rated voltage and frequency during full torque. This "full load" speed will normally
vary between 87% and 99% of synchronous speed depending on design. This is known as
slip.

Synchronous speed is the theoretical speed of a motor based on the rotating magnetic
field. This is determined by the following:

S=(120 x F)/P

S =speed in RPM

F = frequency in hertz
P =# of poles in motor

Or, if you know the number of poles in your motor, you can determine the speed by the
following chart:

# of

Poles Synchronous Speed Actual Speed
2 3600 3450
4 1800 1725
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6 1200 1140
8 900 850

(5) Insulation. Insulation is crucial in a motor. Insulation insulates its motor to withstand
the greatest temperature that occurs at the hottest point within the motor for as long as the
temperature normally exists. This is determined by, the ambient temperature, the heat
generated at fully loaded conditions (temperature rise), and the thermal capacity of the
motor insulation. These materials are classified as A, B, F, and H. The classes are based
on adding the ambient temperature and the operational heat created by the motor. They
are shown below.

Class 20,000 Hour Life Temperature

A 105°C
B 130°C
F 155°C
H 180°C

(6) Time rating. Unless otherwise noted motors will be rated for continuous duty. This
will be shown as "CONT" on the nameplate.

(7) Horsepower. Horsepower is determined by the output when the motor is loaded to
rated torque at rated speed. These are the standard NEMA ratings:

1 30 300 1250
1% 40 350 1500
2 50 400 1750

3 60 450 2000

5 75 500 2250
7 100 600 2500
10 125 700 3000
15 150 800 3500
20 200 900 4000
25 250 1000

When application horsepower requirements fall between two standardized values, the
larger size is usually chosen.

The work capacity of a horse was used to define the power of an electric motor. It was
determined that a horse could lift 1000 pounds, 33', in one minute. It is the amount of
work done in a given amount of time. The formula is:

HP = (Foot #s Per Minute) \ 33,000 -or- HP= (Foot #s per second) \ 550

Torque is the turning or twisting force supplied by a drive to the load, measured in inch
pounds or foot-pounds. Torque and horsepower are related as shown:

16



HP=(Torque X Speed)/Constant
If Torque is given in Ft. Lbs, the constant is 5252
If Torque is given in In. Lbs the constant is 63,025

(8) Locked Rotor Indicating Code Letter. When a motor is started, a large 'inrush' of
current is required in order to get a good start. This current is greater than the full load
running current. This inrush has been standardized and defined by a series of code letters
which group motors based on the amount of inrush in terms of kilovolt amperes. The
code letter defines low and high voltage inrush values on dual voltage motors. Code
Table 430.7(B).

Code KVA/HP Approx. Mid-Range Value
A 0.00-3.14 1.6
B 3.15-3.54 33
C 3.55-3.99 3.8
D 4.00-4.49 4.3
E 4.50-4.99 4.7
F 5.00-5.59 53
G 5.60-6.29 59
H 6.30-7.09 6.7
J 7.10-7.99 7.5
K 8.00-8.99 8.5
L 9.00-9.99 9.5
M 10.00-11.99 10.6
N 11.20-12.49 11.8
P 12.50-13.99 13.2
R 14.00-15.99 15.0

Using this chart and the job voltage, you can calculate the across the line starting inrush
by using the following:

200 Volts LRA = Code letter value x HP x 2.9
230 Volts LRA = Code letter valve x HP x 2.5
460 Volts LRA = Code letter value x HP x 1.25

(9) NEMA Design Letter. Changes in motor windings and rotor design will alter the
performance characteristics of induction motors. To obtain uniformity in application,
NEMA has designated specific designs of general purpose motors having specified
locked rotor torque, breakdown torque, slip, starting current, or other values. NEMA
design letters are A, B, C, and D.
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NEMA Design A motors have normal starting torques, but high starting currents. This is
useful for applications with brief heavy overloads. Injection molding machines are a good
application for this type of motor.

NEMA Design B motors are the most common. They feature normal starting torque
combined with a low starting current. These motors have sufficient locked rotor torques
to start a wide variety of industrial applications.

NEMA Design C motors have high starting torques with low starting currents. They are
designed for starting heavy loads due to their high locked rotor torques and high full load
slip.

NEMA Design D motors have high starting torque and low starting current, however
they feature high slip. This reduces power peaks in the event that peak power is
encountered, motor slip will increase.

DESIGN A, B, C, D - for AC MOTORS

NEMA has standard NEMA motor designs of various torque characteristics to meet the
various requirements posed by different application loads. The design "B" is the most
common design. (See chart for characteristics of each design.)

NEMA STARTING STARTING BREAK-DOWN FULL
DESIGN  TORQUE CURRENT TORQUE  LOAD SLIP

A Normal High High Low
Mach. Tools, Fans
B Normal Normal Normal Normal
Same as Design "A"
C High Normal Low Normal

Loaded compressor

Loaded conveyor

D Very high Low - High
High Punch Press

(10) marking for Thermal protection if integral with motor. TP

(11) Marking for impedance protection if present or not.

Other items which can be on the nameplate:

Motor Service Factor (SF) is a factor that when multiplied by horsepower, gives us the
allowable horsepower loading, which may be carried under the conditions specified for
the service factor at rated voltage and frequency. This is practical as it gives you some

'fudge' in estimating horsepower needs and actual running horsepower requirements. It

also allows for cooler winding temperatures at rated load, protects against intermittent
heat rises, and helps to offset low or unbalanced line voltages.

18



SERVICE FACTOR
When used on a motor nameplate, a number which indicates how much above the
nameplate rating a motor can be loaded without causing serious degradation, (i.e., a 1.15
S-F can producel5% greater torque than the 1.0 S-F rating of the same motor).

The drawbacks to running in the service factor area is that it will reduce motor speed
and efficiency & increase motor temperature. This in turn effects the overall life span of
the motor. It is for this reason that you should not run in the SF range continuously.
Service factors were established for operations at rated voltage, frequency, ambient and
sea level conditions.

Efficiency. Efficiency is the ratio of the power output divided by the power input. The
efficiency is reduced by any form of heat, including friction, stator winding loss, rotor
loss, core loss (hysteresis and eddy current), etc.

Frame Size. Motor frame size have been standardized with a uniform frame size
numbering system. This system was developed by NEMA and specific frame sizes have
been assigned to standard motor ratings based on enclosure, horsepower and speed.

Enclosure Type. Motors are typically supplied in open drip-proof (ODP), totally
enclosed fan cooled (TEFC), explosion proof (EXP) are a few of the types.

ODG - Open Drip-Proof, Guarded

ODG-FV - Open Drip-Proof, Force Ventilated
ODG-SV - Open Drip-Proof, Separately Ventilated
ODP - Open Drip-Proof

HP - Vertical P-Base, Normal Thrust

LP - Vertical P-base, Medium Thrust, Extended Thrust
Prot. - Protected

TEAO - Totally-Enclosed, Air-Over

TEBC - Totally-Enclosed, Blower-Cooled

TECACA - Totally-Enclosed, Closed Circuit,, Air to Air
TEDC-A/A - Totally-Enclosed, Dual Cooled, Air to Air
TEDC-A/W - Totally-Enclosed, Dual Cooled, Air to Water
TEFC - Totally-Enclosed, Fan-Cooled

TENYV - Totally-Enclosed Non-Ventilated

TETC - Totally-Enclosed, Tube Cooled

TEWAC - Totally-Enclosed, Water/Air Cooled

TEXP - Totally-Enclosed, Explosion-Proof

[P-22 - Open Drip-Proof

[P-44 - Totally-Enclosed

[P-54 - Splash Proof

IP-55 - Washdown

WPI - Weather Protected, Type |

WPII - Weather Protected Type 11

XE - Premium Efficient

19



XL - Extra Life
XP - Explosion-Proof
XT - Extra Tough

Manufacturer's Identification Numbers. The model, date, & serial number are supplied
to aid in identification.

Bearing Part Numbers. The bearing part numbers are included if replacement bearings
need to be obtained.

Connection Diagrams. This diagram is to aid a qualified electrician in the wiring of a
motor.

CHAPTER 4 : Equipment for General Use (Part ) Slide 078-04-52:
AOCE #00 This is another item which can be on a
Mgt Gertice PGy nameplate is important for overload sizing.

+ General purpose motors or any ac motor with a rated
bi p of 40° C, duty, is

for continuous operation at rated load under normal
conditions.

= With voltage and frequency are maintained at values
specified on the nameplate, the motor may be overloaded
up to the horsepower obtained by multiplying the rated
horsepower by the service factor shown on the motor
nameplate.

= When motors are operated at a service factor greater than
1, they will have a greater temperature rise and may have
different efficiency, power factor, and speed than at rated
load.

CHAPTER 4 : Equipment for General Use (Part ) Slide 078-04-53:

430.8 Marking on Controllers Self expanatory.

+ A controller shall be marked with the
manufacturer's name or identification, the
voltage, the current or horsepower rating, and
such other necessary data to properly indicate
the motors for which it is suitable.

A controller that includes motor overload
protection suitable for group motor application
shall be marked with the motor overload

p ion and the i I h-circuit short-
circuit and ground-fault protection for such
applications.

Combination controllers that employ adjustable

i trip circuit break shall be
clearly marked to indicate the ampere settings of
the adjustable trip element.

.

CHAPTER 4 : Equipment for General Use (Part ) Slide 078-04-54:

430.22(E) Motors other than
Continuous Duty

+ Conductors for a motor used in a short-time,
intermittent, periodic, or varying duty application
shall have an ampacity of not less than the
percentage of the motor nameplate current rating
shown in Table 430.22(E), unless the authority
having jurisdiction grants special permission for

ductors of lower ampacity.

+ 5,15, 30 and 60 or continuous duty use
percentages given in Table 430.22(E)
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430.24 Conductors for Several Motors

KL

| &— Conductors supplying several motors
— iR

—-\-\/‘—H—’L—@ ;‘L,:'\:l;rl:mo:\eunom

—'\WH‘L’_@ « Add any other loads also
—-\wJ“—n—"b—@ * Consider correction factors

Branch conductors

* FLAs taken from the
appropriate table in 430

not less than 125% of the
FLA of the highest rated
motor plus the sum of the

CHAPTER 4 : Equipment for General Use (Part I}
Article 430

+ Part lll - Motor and Branch-Circuit Overload
Protection
- Specifies overload devices intended to
protect motors, motor-control apparatus,
and motor branch-circuit conductors against
excessive heating.

— Not intended as requiring overload
protection where it may introduce additional
hazards, as in the case of fire pumps.

* Conductors to have ampacity

430.31 Not for Fire Pumps

Fire pump room and
controlier in fire pump room

No overload protection provided
in fire pump controller

See Section 695.6 for protection of fire pump power circuits

CHAPTER 4 : Equipment for General Use (Part 1)
Article 430

430.32(A)(1) Overload Protection - More than One Hp
430.32(B)(1) Overload P ion - One Horsep or Less

+ Each continuous-duty motor shall be protected against
overload by sizing the overload protective device at not
more than the g p ges of motor s
values:

Service Factor 1.15 or greater........
Temperature rise 40° C or less..
All other Motors..................

Slide 078-04-55:
Self explanatory.

Slide 078-04-56:

Article 430 Part IIT Motor and branch-circuit
overload protection — 430.31 General
Discussion on the requirements for motor and
branch-circuit overload protection.

Slide 078-04-57:

Slide 078-04-58:
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CHAPTER 4 : Equipment for General Use (Part 1)

Overload Units
M)
/

Article 430

“ X
X

3$ MOTOR
430.37 & Table
oK Violati X NEC 430.37
T —

CHAPTER 4 : Equipment for General Use (Part 1)
Article 430

« Part IV Motor Branch-Circuit, Short-Circuit and
Ground-Fault Protection.

+ 430.52 is for Individual Motor Circuits.

— The motor branch-circuit, short-circuit, ground-fault
protective device shall be capable of carrying the
starting current of the motor.

— A protective device having a rating or setting not

ding the value lated ding to the
values in Table 430.52 shall be used.

(Exception is that the next standard ampere rating is
permitted.)

Table 430.52 Maximum Rating or Setting of
Motor Branch-Circuit Short-Circuit and
Ground-Fault Protective Devices

Percentage of Full-Load Current

Nontime  Dual Element Instantanecus Inverse Time

Type of Motor
Delay  (Time Delay) Trip Breaker Breaker
Fuse Fuse

Single-phase motors 300 175 800 250

AC polyphase motors other than wound-rotor Squirrel cage
--Other than Design E or Design B energy efficient

300 175 800 50
Design E or Design B energy efficient
— 300 175 1100 B0
Synchronous 300 175 80O 250
Wound rotor 150 150 800 150
Direct current (constant voltage)

150 150 250 150

Approx, 6x the FLA of the Motor

Motor Locked-
Rotor Current

Motor Full-
Load Current

CURRENT

TIME ——

The Current that a Motor Draws at Start Up
15 the Locked-Rotor Current and then Returns to the
Normal Full-Load Current of the Metor

Slide 078-04-59:

Atrticle 430 — 430.37 Devices other than fuses,
Table 430.37 Overload Units.

Discussion on the motor overload requirement.
If the exception is met then it is not a violation.

Slide 078-04-60:

Article 430 Part IV Motor Branch-Circuit Short
Circuit and Ground-Fault Protection

- 430.52 Rating or setting for individual motor
circuits.

General discussion on the requirements for Part IV.
Note that Table 430.52 used to be Table 430-152,
but was relocated in the 2002 code.

Slide 078-04-61:
shows Table 430.52 without the notes.

Slide 078-04-62:

the reason for the 250% inverse time breaker or the
large 800% instantaneous breaker setting is due to
this.
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CHAPTER 4 :

Equipment for General Use (Part I}
Article 430

Y

40V

3-Phase

T2 HP

11 Full Load Amps
Squirrel Cage Not
Design B or E

Clrcult Breaker -
Inverse Time
30 Amps

CONTROLLER

Mampx__ 25 =27 amps

430,52 (CN1)
oK__X v i MNEC Exception 1

CHAPTER 4 : Equipment for General Use (Part I}
Article 430

12 AWG

M
M

q

460V

3-Phase

T2 HP

11 Full Load Amps
Squirrel Cage Not
Design B or E

Clreult Breaker -
Inverse Time
30 Amps

CONTROLLER

It is important to note that:

The motor branch-circuit, shortcircuit protection has a higher

rating than the conductor rating. It is the combination of the the
mator branch-circuit, short<circuit protection and the overload
P which p the cond The of the
two pr ive devices is

CHAPTER 4 : Equipment for General Use (Part I}
Article 430

7S
==

()

480V

3-Phase

T2 HP

11 Full Load Amps
Squirrel Cage Not
Design Bor E

Circult Breaker - CONTROLLER
Instantaneous Trip

80 AMPS

1Mampx_ 80 =88amps

OK Violati X NEC

430,52 (C)3)

Slide 078-04-63:

Article 430 — 430.52(C)(1) Exception 1 rating or
setting with Table.

Making sure they understand the sizing of the
branch-circuit protection. In this example 11 amps
x 2.5 =27 amps. Could pick 25 amp breaker or 30
amp breaker is using exceptionl

Slide 078-04-64:

Article 430

Making sure they understand that the breaker
doesn’t have to be sized to protect the conductors.
It is the combination of the two — branch circuit
short-circuit and overload protection, which protect
the conductors.

Slide 078-04-65:

Article 430 — 430.52(C)(3) Instantaneous trip
circuit breaker TRICK QUESTION

Example to show that an instantaneous breaker has
to be part of a controller assembly such as that used
in a motor control center. 11 x 8 =88 amps. so the
rating of 80 amps is okay, could have used 90
amps, but the breaker must be part of a listed
combination motor controller
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Slide 078-04-66:

430.55 Combined Overcurrent Protection
this typically will only work for smaller motors.

[ I I I
)
10T
| J * Combined overcurrent protection permitted
* Rating or setting of single device provides

{ branch circuit short-circuit and ground-

Single
0OCPD \

fault protection per 430.52

* Rating or setting of single device also
overload protection specified

Mator
\
in 430,32

-'-\J“-\'—

o

CHAPTER 4 : Equipment for General Use (Part 1) Slide 078-04-67:
Lichsodascocilit i ' this would be found in a motor control center.

| 28:020R) SpecificLoad 430.52 is the table for fuse and circuit breaker sizing
J:wwm;w 1 [ I S 430.24 sizing conductor for several motors: 1.25 x largest
&;&:&@?ﬂﬁ&’ybﬁﬂ:ﬂ: ) ) T ::mh plus fla other motors and fla other loads. Important expection
el Sk i et ' Sret 2 allows table to be ignored and go to a higher rating
Vatoss 1n 430.92 o 430.22(A)
plus the sum of the FLA'S of
ottwer motors in the group mer“‘

protecton
CHAPTER 4 : Equipment for General Use (Part 1) Slide 078-04-68:
Motor Control Circuits 430.71

+ Motor control circuit:
+ The circuit of a control apparatus or system that carries

the electric signals directing the performance of the

controller, but does not carry the main power current.
Slide 078-04-69:

430.71 Motor Control Circuit
this is called a ladder diagram for a control circuit

L2 .
‘ or an elementary diagram.

START 1
._l._

SHRT 2
EIJ.RT 3

A circuit of a control apparatus or system that carries the electric signals
directing the performance of the controller but does not carry the main

power current of the motor,

e
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Motor Control Circuits 430.71

e ecBc Crod Motor Control Device

or 3 12 1 Contral g5 Start
Controller

,---5*’ Overioad Controller
[& ' Overioad Protection
iy

CHAPTER 4 : Equipment for General Use (Part I}
Article 430, Part VI, Motor Control Circuits

r’”@

A5A
20 HP, 230V 3 PH
TOAMPS 1
M
=

I~ | Contral Cireult Conductors

laieLs] | Start-Stop Button
OK X Violati NEC 430.72(B)(1)

Slide 078-04-70:
this is a wiring diagram.

Slide 078-04-71:

Article 430 Part VI Motor Control Circuits —
430.72(B)(1) Overcurrent Protection & Table
430.72(B)

Example shows overcurrent protection in each
power phase conductor is required. Reason is using
430.72(B)(2), for conductors extending beyound
the enclosure it directs to see Table 430.72(B)
column C. We have #14 which indicates that the
breaker has to be 45 amps or less to work with 14

AWG and since the example shows 70 amps, one had to use Column A in the table which
is separate protection. 310.15 which directs to see 240.4(D) which indicates 15 amp

circuit breaker for #14 wire.

Starting
Winding

Running Squirrel - Cage

Winding Armature

Slide 078-04-72:

Article 430 - Split-phase Motor.
Split-phase motor is an induction motor.
An induction motor like a squirrel cage
motor operates on the same basic
principle has a transformer where you
have a primary and a secondary winding.
A split-phase motor requires an
additional winding called a starting
winding on the stator. The starting

winding has a higher resistance than the running winding. The difference in resistance
creates a phase displacement between the two windings. Hence the name split-phase.
Displacement is around 18 to 30 degrees in time. Splitting the phases provides enough
torque to start the motor. When the rotor starts spinning (turning) and comes up to
running speed (around 75%-80% of synchoronus speed), a centrifugal switch placed in
the circuit of the starting winding opens up. The motor will then operate on the running

winding.
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Slide 078-04-73:

Article 430 - Capacitor Motor

Capacitor Motor: A single-phase induction motor with a
main winding arranged for direct connection to the power
source, and auxiliary winding connected in series with a
capacitor. There are three types of capacitor motors: capacitor
start, in which the capacitor phase is in the circuit only during
starting (It has a high starting torque and is widely used
typically up to 7-1/2 hp) , permanent-split capacitor, which
has the same capacitor and capacitor phase in the circuit for
both starting and running (High torque, low run curent); two-value capacitor motor, in
which there are different values of capacitance for starting and running. for the

CAPACITOR START

The capacitor start single phase motor is basically the same as the split phase start,
except that it has a capacitor in series with the starting winding. The addition of the
capacitor provides a more ideal phase relation and results in greater starting torque with
much less power input. As in the case of the split phase motor, this type can be reversed
at rest, but not while running unless special starting and reversing switches are used.
When properly equipped for reversing while running, the motor is much more suitable for
this service than the split phase start as it provides greater reversing ability at less watts
input.

RIGID FIELD POLE EXCITER STATIONARY EXCITER FIELC

i prrenecs - Slide 078-04-74:
W oo Article 430 — Synchronous Motor

ASTE Wm' Synchronous Motor. This is a motor designed to run

/ a specific speed. Two basic types: nonexcited and

' _ direct current excited. The DC excited type requires
a DC source to excite the field. The DC current of
the rotor field interacts with the stator AC current to
produce torque required to turn the rotor at
synchronus speed.
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Inggction Nietor: 1otors Article 430 — Induction Motors
Article 430 . .
S Induction Motors. Cage rotor is the most common.
— A Usually referred to squirrel cage motors. The

& )} ﬂ!,'s"/ wound-rotor motor and three-phase motors that
byt sy e A operate basically the same a squirrel cage motors.

e The only difference between the two is that the

Ly wound-rotor has two sets of leads extending from

the controller and a bank of resistors to slip rings
that are connected to the rotor. As the amount of
resistance in the circuit varies, so does the speed of the motor. The greater the resistance
in the rotor, the slower the rotor will run. The resistor banks may be separate from the
motor or they may be incorporated in the controller.

[} External Variabio Fesistance

CHAPTER 4 : Equipment for General Use (Part I} Slide 078_04_76:
Homework is due tomorrow morning.

Homework

+ Do Homework associated with Chapter 4 Equipment
for General Use

* Do Homework associated with the calculation section.
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